Abstract: Sapphire-bonded photonic crystal laser cavities were fabricated and characterized under room temperature continuous wave operation, and a side-mode-suppression-ratio of 28 dB was observed. The lasing modes and their spectra agree with the theoretical prediction from the three-dimensional finite-difference timedomain method.
Two-dimensional photonic crystal (PC) lasers have interesting potential as light sources in dense chip-scale optical systems. Here we report a high side-mode-suppression-ratio (SMSR) sapphire-bonded photonic crystal laser cavity that is capable of room temperature CW operation. We have also been able to identify the operating modes of this PC cavity by comparing the CW lasing spectrum to the calculated result from the three-dimensional (3-D) finite-difference time-domain (FDTD) method.
To fabricate these devices a series of InGaAsP layers, including four compressively strained quantum wells, were deposited by MOCVD. The InGaAsP wafer was then bonded to a sapphire substrate at 505 °C, and the photonic crystal cavities were patterned using electron beam lithography and a series of dry etching steps [1] . The photonic crystal laser cavities were formed by removing 37 holes from a two-dimensional photonic crystal lattice. We label this cavity D4, as the 37 missing holes corresponds to a hexagon with a "radius" of 4 holes. The defect cavity is approximately 3.2 μm in diameter and is surrounded by 11 periods of PC cladding. Figure 1 shows an SEM image of the fabricated sapphire-bonded PC cavity. These laser cavities were optically-pumped at room temperature using an 850 nm diode laser at normal incidence under CW condition. The pump spot was focused by a 100x objective lens to a spot about 2.5 μm in diameter. The output power was collected by a multi-mode fiber connected to an optical spectrum analyzer. Figure 2(a) shows a lasing spectrum of a sapphire-bonded PC cavity pumped above threshold under CW conditions. The lasing wavelength is 1589 nm and the side-mode-suppression-ratio (SMSR) is about 28 dB. We also characterized more than 50 cavities with different lattice constants and recorded their lasing wavelengths. To understand the lasing modes of the D4 sapphire-bonded PC cavity, the 3-D FDTD method was used to simulate this cavity. Figure 3 shows both the calculated quality factor (Q) spectrum and the measured lasing spectrum from the cavity. There are only a few modes with Q over 1000. The two high Q modes, labeled A and B, correspond to the lasing modes A and B in figure 2(b) . The lasing spectrum in figure 3 is from a sapphire-bonded PC cavity lasing in mode B. There is good agreement between the measured spectrum and the calculated Q spectrum. The small difference is attributed to imperfections of the fabrication and slight inaccuracy in the indices of materials used in the FDTD simulation.
In summary, we have demonstrated a sapphire-bonded photonic crystal laser cavity under room temperature CW operating conditions. A SMSR of 28 dB was reached. The wavelengths of the lasing modes were identified. Good agreement between measurement and theory was obtained. Fig. 3 .Comparison of the calculated quality factor spectrum and the lasing spectrum from a sapphire-bonded PC cavity. The two highest Q modes, labeled A and B correspond to the lasing modes in the Fig.2(b) .
